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I .  INTRODUCTION 


The  Special  Sensor  B/Aerospace  (SSB/A),  described  in  this  report,  rep¬ 
resents  the  third  generation  of  remote  x-  and  gamma-ray  sensors  developed  at 
the  Space  Sciences  Laboratory  of  The  Aerospace  Corporation  for  the  Air  Force 
Technical  Applications  Center  (AFTAC).  Originally  the  effort  began  with  two 
"piggyback"  experiments  (PBE's)  flown  successfully  on  Defense  Meteorological 
Satellite  Program  (DMSP)  Block  5C(F33)  and  Block  5D-1(F1)  satellites  as  part 
of  the  GFE-4E  sensor  (B-package)  built  by  Sandia  National  Laboratory.  A  more 
sophisticated  sensor  was  subsequently  developed  for  flight  on  the  DMSP  F2  and 
F5  spacecraft.  These,  named  the  "B-OMNI"  sensors,  were  mounted  on  the  space¬ 
craft  in  a  place  previously  reserved  for  another  sensor  known  simply  as  the 
"GFE-6"  and  have  therefore  inherited  that  name.  A  detailed  description  of  the 
GFE-6  is  given  in  Ref.  1.  The  payload  that  flew  on  the  DMSP  F2  spacecraft 
performed  extremely  well  and  provided  more  than  2  years'  worth  of  data.  An 
analysis  of  some  of  that  data  appears  in  Ref.  2.  Unfortunately,  the  second 
unit  was  launched  on  the  ill-fated  DMSP  F5  spacecraft  and  now  rests  in  Davy 
Jones'  Locker. 

Even  before  the  GFE-6  sensors  were  launched,  data  from  the  second  PBE 
aboard  the  FI  spacecraft  prompted  the  development  of  the  SSB/A.  As  a  result 
of  a  malfunction  in  the  attitude  control  system,  the  FI  spacecraft  initially 
spun  up  and  continued  to  spin  for  several  months.  The  spin-modulated  PBE  data 
dramatically  illustrated  the  advantages  of  a  scanning  sensor  in  the  context  of 
its  ability  to  differentiate  between  background  signals  and  those  of  interest. 

Besides  locating  and  identifying  x-ray  sources,  the  SSB/A  data  have 
proven  very  useful  in  studying  the  ionosphere,  particularly  in  the  auroral 
regions  of  the  earth.  For  example,  work  currently  in  progress  shows  that 
absolute  intensities  and  energy  spectra  of  precipitating  auroral  electrons  can 
be  deduced  from  the  SSB/A  data  (Ref.  3).  Unlike  particle  detectors,  which 
measure  the  flux  only  in  the  vicinity  of  the  spacecraft,  the  SSB/A  has  a 
remote-sensing  capability  over  wide  regions  on  either  side  of  the  satellite 
ground  track.  Such  image  data  are  needed  in  the  study  of  auroral  processes. 
Furthermore,  the  data  can  be  converted  into  energy-deposition  profiles  in  the 
D  and  E  regions  of  the  ionosphere,  and  into  electron  density  profiles  and  con¬ 
ductivity  maps. 
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II.  SENSOR  CONFIGURATION  AND  CAPABILITIES 


Figure  1  is  a  photograph  of  the  SSB/A  showing  the  physical  configuration 
of  the  various  components.  For  clarity,  the  side  covers  used  for  passive 
thermal  control  in  orbit  are  shown  detached  from  the  instrument  body.  The 
whole  instrument  weighs  14.5  kg  and  consumes  9  W  of  power  when  all  the  compo¬ 
nents  are  operating.  Figure  2  shows  functional  and  electrical  block  diagrams 
of  the  SSB/A,  illustrating  in  detail  the  major  sensor  subsystems  and  depicting 
the  information  flow.  A  detailed  description  of  the  individual  components  is 
provided  in  the  next  section,  while  the  measurement  capabilities  of  the 
detector  subsystems  aboard  the  SSB/A  are  summarized  in  Table  1 .  Figure  3 
depicts  in  pictorial  form  the  various  measurements  performed  by  the  SSB/A, 
together  with  the  visual  data  provided  by  the  DMSP  operational  linescan  system 
(OLS) .  Also  defined  in  Fig.  3  are  the  spacecraft  axes  (x,y,z)  to  which  wc 
refer  later  in  this  report. 

The  two  scanning  heads  are  the  unique  feature  of  the  SSB/A.  They  scan  in 
opposition  across  a  110°  arc  that  is  perpendicular  to  the  orbital  plane  and 
approximately  centered  about  the  subsatellite  (nadir)  point.  One  of  the  two 
heads  carries  the  high-energy  x-ray  sensor  (HEXS),  which  consists  of  three 
identical  cadmium  telluride  (CdTe)  detectors,  each  having  a  conical  field  of 
view  with  a  15°  full  angle.  The  HEXS  spans  an  energy  range  between  15  keV  and 
100  keV  in  three  differential  channels  and  has  an  integral  channel  with  a 
100-keV  energy  threshold. 

Coverage  of  the  lower  portion  of  the  x-ray  spectrum  (>2  keV)  is  provided 
by  the  low-energy  x-ray  sensor  (LEXS)  in  the  form  of  a  proportional  counter 
mounted  on  the  second  scanning  head.  The  LEXS  has  a  rectangular  field  of  view 
spanning  full  angles  of  10°  in-track  and  20°  cross-track.  Appended  to  the 
LEXS  head  is  a  hydrogen  Lyman-alpha  emission  detector,  whose  primary  function 
is  to  monitor  the  photon  flux  emanating  from  precipitating  protons. 
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Fig.  2a.  Functional  Block  Diagram  of  the  SSB/A  Instrument 
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Pictorial  Representation  of  the  SSB/A  Instrument  in 
Orbit,  with  the  Spacecraft  Axes  Indicated.  The  northern 
lights  are  schematically  shown,  as  well  as  hydrogen 
Lyman-alpha  emissions  and  bremsstrahlung  x  rays. 


In  addition  to  the  detector  complement  described  above,  two  Geiger- 
Mueller  (GM)  counters  have  been  placed  on  the  fixed  SSB/A  platform  as  is  shown 
in  Fig.  1.  Their  purpose  is  to  measure  the  integral  flux  of  locally  mirroring 
electrons  having  energies  above  *50  and  *100  keV.  These  electrons,  when 
striking  the  various  structures  near  the  x-ray  detectors,  generate  x-rays  by 
the  bremsstrahlung  process  which  can  contaminate  measurements  of  the  atmo¬ 
spheric  x-ray  flux.  Data  from  the  GM  counters  will  be  used  to  estimate  the 
severity  of  the  background. 


III.  SENSOR-COMPONENT  DESCRIPTION 


A  breakdown  of  the  SSB/A  into  its  major  components  appears  in  Fig.  2a  in 
the  form  of  a  functional  block  diagram.  This  section  gives  a  description  of 
each  of  the  component  subsystems  in  sufficient  detail  to  provide  the  reader 
with  a  basic  understanding  of  each  sensor's  operation. 

A.  HIGH-ENERGY  X-RAY  SENSOR  (HEXS) 

A  block  diagram  of  the  HEXS  is  shown  in  Fig.  4.  It  consists  of  three 
CdTe  semiconductor  (CT)  detectors  and  their  associated  electronic  circuits, 
with  each  detector  being  operated  in  a  completely  independent  fashion.  Each 
CT  detector  is  approximately  1  cm^  in  area  by  0.2  cm  thick  and  is  biased  at 
approximately  -610  V.  The  detectors  have  been  individually  potted  in  brass 
cups  by  means  of  Dow  Corning  3110  RTV  encapsulant.  Subsequently,  the  cups 
have  been  covered  with  a  beryllium  entrance  window  0.025  cm  thick,  and  elec¬ 
trical  connection  to  the  detector  has  been  made  via  coaxial  cable,  in  order  to 
minimize  electrical  and  acoustical  noise  pickup.  The  detector  assembly 
described  above  has  in  turn  been  encased  in  a  NE-102  scintillator  cup  that  is 
optically  coupled  to  two  EMR  521N-01-CM  channel-electron  photomultiplier  tubes 
(PMTs)  operated  at  ~  +2800  V  bias.  Signals  from  these  PMTs,  together  with  the 
respective  CT  detector  signals,  are  applied  to  anticoincidence  (veto)  circuits 
that  are  used  to  prevent  the  counting  of  signals  produced  by  penetrating 
charged  particles.  The  CT  detectors  are  collimated  to  a  15°  conical  viewing 
full-angle. 

The  CT  detector  analog  signals,  after  proper  amplification  and  shaping, 
are  routed  from  the  scanning  head,  through  the  hub,  to  three  corresponding 
pulse-height  analyzers  (PHAs)  on  the  stationary  platform.  Each  PHA  has  three 
differential  channels  whose  discriminator  thresholds  are  set  at  15,  30,  and 
60  keV,  and  one  integral  channel  whose  discriminator  threshold  is  set  at 
100  keV.  Analog  signals  from  the  PMTs  are  applied  to  the  inputs  of  integral 
discriminators  on  board  the  scanning  head  and  converted  to  logic  pulses.  The 
latter  are  also  brought  out  through  the  hub  and  used  to  veto  the  PHA  discrimi¬ 
nator  outputs. 
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All  output  signals  from  the  CT  discriminator  box  are  routed  by  means  of 
coaxial  cables  to  the  data  processing  system  (DPS)  for  counting  and  formatting 
into  the  data  stream.  There  are  six  data  outputs  from  each  of  the  three  CT 
detector  systems:  the  four  gated  PHA  outputs,  an  ungated  integral  output  from 
the  15-keV  discriminator,  and  the  output  of  the  veto  discriminator.  Hence 
there  are  18  HEXS  data  channels  in  all. 

The  triple  CT-detector  scanning  array  also  has  a  distribution  board  from 
which  all  power  and  signals  are  routed  to  and  from  the  scanning  head.  The 
board  includes  monitors,  fuses,  and  a  bias  supply  for  the  PMTs,  as  well  as  a 
1-W  heater  that  turns  on  automatically  at  -18°  C  and  off  at  -14°  C.  This 
heater  has  been  added  to  protect  the  CT  detectors  from  damage  resulting  from 
thermal  stress  at  unduly  cold  temperatures  that  may  occur  when  sensor  power  is 
off  for  a  sufficiently  long  time.  Under  ordinary  conditions  the  HEXS  scanning 
head  is  passively  constrained  to  maintain  a  temperature  between  0  and  -20°  C, 
a  range  that  is  optimum  for  operating  the  CT  detectors. 

In  operation,  an  x  ray  entering  the  CdTe  crystal  may  be  totally  absorbed 
by  an  atom  in  the  crystal  lattice  (the  photoelectric  effect)  or  scattered  from 
one  of  the  atomic  electrons  (Compton  scattering).  In  either  case,  an  ener¬ 
getic  electron  is  ejected  from  the  atom.  This  electron  loses  its  energy  by 
producing  electron-hole  pairs  that  are  swept  out  by  the  applied  electric 
field.  The  resulting  pulse  of  charge  at  the  detector  electrodes  is  amplified 
by  the  charge-sensitive  preamplifier  (PA),  properly  shaped  and  further  ampli¬ 
fied  by  the  shaping  amplifier  (A),  and  presented  to  the  Inputs  of  the  PHA  dis¬ 
criminators.  Since  the  pulse  height  at  the  discriminator  input  is  directly 
proportional  to  the  total  energy  deposited  in  the  crystal,  a  rough  x-ray 
spectrum  can  be  deduced  from  counting  rates  observed  from  the  discriminator 
channels.  Information  concerning  the  location  of  the  x-ray  source  can  be 
obtained  during  the  scanning  mode  by  noting  the  scanner-head  angle  and  satel¬ 
lite  position  when  maximum  Intensity  is  measured. 


Background  pulses  In  Che  various  detector  channels  can  be  generated  by 
charged  particles  (e.g.,  cosmic  rays)  having  sufficient  energy  to  penetrate 
passive  shielding  around  the  CdTe  crystals.  In  order  to  reduce  this  back¬ 
ground,  active  anticoincidence  shields  have  been  placed  around  the  crystals. 

A  particle  passing  through  the  scintillating  plastic  causes  the  latter  to  emit 
light  that  in  turn  produces  a  signal  at  the  photomultiplier  tube  anode.  This 
signal  triggers  a  low-level  discriminator  that  produces  a  logic  pulse  used  to 
veto  the  CT  discriminator  outputs.  Thus,  in  principle,  only  x  rays  that  enter 
the  crystal  without  interacting  in  the  surrounding  plastic  are  counted  by  the 
gated  PHA  outputs.  Since  in  the  HEXS  energy  range  the  probability  of  an  x-ray 
interaction  in  the  plastic  scintillator  is  small,  a  negligible  number  of  x-ray 
events  is  eliminated  by  the  veto  system. 

B.  LOW-ENERGY  X-RAY  SENSOR  (LEXS) 

The  low-energy  x-ray  sensor  consists  of  a  proportional  counter  (PC)  and 
its  associated  electronics,  shown  schematically  in  Fig.  5.  Basically  the  PC 
is  a  gas-filled  square  aluminum  tube  with  four  adjacent  0 ,01-cm-thick  beryl¬ 
lium  windows  in  one  of  its  rectangular  sides.  The  total  window  area  is 
3.7  cm^.  A  very  thin,  bare  wire,  insulated  from  the  structure,  runs  through 
the  middle  of  the  tube  and  is  biased  at  ~  +2700  V .  The  tube  is  filled  to  a 
pressure  of  3  atm  with  equal  amounts  of  argon  (Ar)  and  xenon  (Xe)  and  a  10% 
admixture  of  CO2  for  quenching.  An  x  ray  passing  through  the  gas  gives  up  its 
energy  to  a  photoelectron  that,  after  traversing  a  short  distance,  loses  its 
energy  by  ionizing  a  large  number  of  gas  atoms.  The  primary  electrons  that 
result  from  this  ionization  process  are  accelerated  towards  the  positively 
biased  wire,  and  after  gaining  sufficient  energy  they  in  turn  knock  out  more 
electrons  from  gas  atoms  encountered  along  the  way.  Very  near  the  wire,  where 
the  electric  field  is  strongest,  a  large  amount  of  secondary  ionization  is 
produced.  This  secondary  ionization  is  proportional  to  the  amount  of  primary 
ionization,  and  hence  to  the  x-ray  energy.  After  proper  amplification  and 
shaping,  the  pulse  is  presented  to  the  input  of  a  24-channel  differential 
pulse-height  analyzer  (PHA)  whose  outputs  are  gated,  encoded,  and  routed  to 
the  data  processing  system  (DPS)  for  counting  and  incorporation  in  the 
telemetry  data  stream. 
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Energetic  charged  particles  will  also  cause  the  PC  to  produce  output 
signals.  However,  unlike  x  rays,  these  charged  particles  generate  primary 
Ionization  tracks  that  extend  over  a  large  portion  of  the  gas-filled  region. 
Charges  from  the  different  portions  of  the  track  reach  the  wire  at  different 
times,  and  the  resulting  output  signal  has  a  considerably  longer  rise  time 
than  a  signal  generated  by  an  x  ray.  Each  signal  from  the  PC  is  therefore 
examined  by  a  special  rise-time  discrimination  circuit  that  produces  gating 
logic  pulses  corresponding  to  x  rays  (X-gate)  and  to  charged  particles  (E- 
gate).  Within  the  logic  encoding  box  (see  Fig.  5),  the  X-  and  E-gate  outputs 
|  are  combined  with  outputs  of  PHA  discriminators  to  provide  24  differential 

x-ray  data  channels  and  six  charged-particle  or  background  channels.  These  30 
data  outputs,  as  well  as  an  ungated  output  of  the  1.8-keV  discriminator,  are 
encoded  into  a  5-bit  address  that  is  routed  to  the  DPS.  Whenever  an  event 
^  aboard  the  scanner  is  recorded  in  one  of  the  data  channels,  a  scaler  is  iden¬ 

tified  in  the  DPS  by  the  transmitted  address  and  updated  by  a  single  count* 

At  appropriate  times  the  scalers  are  read  out  and  the  data  are  merged  with  the 
telemetry- data  stream. 

|  C.  GEIGER-MUELLER  BACKGROUND  MONITORS  (GMBM) 

Two  monitors  of  electron  flux  have  been  incorporated  in  the  SSB/A.  They 

are  Dosimeter  Corporation  model  6213  Geiger-Mueller  counters  having 
2 

1.4-pgm/cm  mica  windows,  with  a  sufficient  thickness  of  aluminum  foil  placed 
in  front  of  the  mica  window  to  provide  the  desired  electron-energy  detection 
threshold.  The  respective  energy  thresholds  of  the  two  counters  are  approxi¬ 
mately  50  and  100  keV.  Each  tube  is  part  of  an  independent  system  consisting 
of  an  amplifier,  a  discriminator,  and  a  bias  supply.  A  block  diagram  of  the 
system  is  shown  in  Fig.  6. 


Both  sensors  are  mounted  so  that  their  fields  of  view  form  45°  half-angle 
cones  centered  about  the  y  direction.  They  will  thus  detect  electrons  whose 
pitch  angles  are  near  90°  at  high  latitudes  and  which  produce  local  brems- 
strahlung  by  striking  the  satellite  structure. 


D.  HYDROGEN  LYMAN -ALPHA  RADIATION  MONITOR  (HLARM) 

The  HLARM  was  Included  in  the  detector  complement  to  provide  a  method  of 
detecting  the  proton  aurora,  i.e.,  the  atmospheric  emissions  caused  by  precip¬ 
itating  protons.  One  of  these  emissions  is  the  hydrogen  Lyraan-alpha  line  at  a 
wavelength  of  1216  A,  whose  intensity  is  measured  by  the  HLARM. 

Figure  7  is  a  functional  block  diagram  of  the  HLARM,  which  is  a  self- 
contained  unit  attached  to  the  side  of  the  LEXS  scanning  head  so  that  the 
Lyman-alpha  and  x-ray  fluxes  enter  the  two  sensors  from  the  same  direction 
and  are  measured  simultaneously.  The  HLARM  sensing  element  is  a  channel- 
electron  multiplier  (CEM)  with  a  filter  placed  in  front. 

The  filter  consists  of  a  sealed  gas-absorption  cell  containing  oxygen  at 
0.54  atm  pressure  with  a  II  admixture  of  helium  as  an  aid  in  leak  detection. 
This  particular  filter  makes  use  of  the  fact  that  oxygen  absorbs  its  own 
strong  emissions  at  1304  A  and  1356  A,  as  well  as  at  the  1200-A  nitrogen- 
emission  line  that  the  detector  would  also  see.  The  filter  is  transparent  to 
the  1216-A  hydrogen-emission  line.  The  cell  has  a  window  1  mm  thick  of 
magnesium  fluoride  and/or  a  path  length  in  the  gas  of  approximately  7.5  mm. 
Pressure  in  the  cell  is  monitored  continuously  by  means  of  a  transducer  whose 
output  is  sampled  by  the  multiplexed  analog-to-digital  converter  in  the  DPS. 

At  the  entrance  to  the  filter  cell,  a  mechanical  collimator  defines  a  rec¬ 
tangular  field  of  view.  A  full  angle  of  8°  is  subtended  in  the  x-y  plane 
(in-track)  and  14°  in  the  x-z  plane  (cross-track). 

Light  emerging  from  the  filter  strikes  the  channel-electron  multiplier 
(CEM)  that  is  operated  in  the  saturated  pulse-counting  mode.  Pulses  at  the 
output  are  detected  and  shaped  by  a  discriminator  and  routed  to  a  scaler  in 
the  DPS.  The  CEM  high-voltage  bias  is  measured  continuously  by  a  high-voltage 
monitor  whose  output  is  sampled  by  the  DPS -multiplexed  analog-to-digital  con¬ 
verter.  The  scaler  output  as  well  as  the  analog-to-digital  converter  outputs 
corresponding  to  the  filter  pressure  and  CEM  high-voltage  values  are  encoded 
by  the  DPS  into  the  digital  data  stream. 
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SCANNER  DRIVE  AND  CONTROL  SYSTEM 


Each  of  the  two  SSB/A  scanning  heads  is  powered  by  one  of  two  identical, 
separately  powered  drivers.  The  motions  of  each  scanning  head  are  the  same, 
but  opposite  in  the  rotational  sense.  This  reduces  the  level  of  uncompensated 
angular  momentum  disturbance  felt  by  the  spacecraft. 

In  normal  operation  each  head  scans  in  the  x-z  plane  (see  Fig.  3).  The 
normal  scan  limit  is  reached  as  the  heads  move  50.04°  from  the  nadir  position 
towards  each  other;  the  direction  is  reversed  and  immediately  the  heads  scan 
to  the  "outboard"  limit,  where  their  fields  of  view  point  away  from  each 
other.  The  outboard  limit  lies  59.22°  from  the  nadir  position.  Total  scan 
travel  is  thus  109.26°. 

The  driver  is  a  Singer  Corporation  size-8  step  motor  that  is  rigidly 
coupled  to  an  integral  gearhead  having  a  reduction  ratio  of  62.2596:1.  The 
motor  and  gearhead  have  been  specially  prepared  for  space  use. 

The  motor/gearhead  combination  couples  into  a  slipclutch  through  a  2:1 
reduction.  The  slipclutch  is  necessary  to  avoid  introducing  excessive  torque 
loads  to  the  motor  gearhead  during  handling  and  vibrational  excitation.  Since 
high  reduction-ratio  instrument  gear  trains  will  develop  torque  levels  far 
beyond  their  capacity,  a  slipclutch  is  also  needed  in  the  event  of  momentary 
overload . 

The  slipclutch  drives  the  scanner  head  input  shaft  through  an  additional 
86/26  reduction.  The  overall  reduction  from  the  step  motor  output  shaft  to 
the  scanner  input  shaft  is  then  62.2596  x  2/1  x  86/26  *  411.87:1.  Therefore, 
the  scanner  head  moves  90/411.87  *  0.218°  per  step.  The  self-contained  gear¬ 
box  is  coupled  to  the  scanner  head  through  a  spline  coupling  to  allow  easy 
assembly  and  disassembly.  The  gearheads  also  contain  an  antibacklash  spring 
that  keeps  the  scanning  heads  loaded  in  one  direction  at  all  times,  to  avoid 
errors  introduced  by  backlash. 


In  addition  to  the  reduction  train,  the  gearbox  Includes  a  feedback 
potentiometer  that  Is  used  to  verify  the  scanner  head  motion.  The  poten¬ 
tiometer  Is  coupled  to  the  gearbox  output  shaft  (scanner  head  Input)  via  a 
step-up  gearmesh  of  ratio  82/26.  The  step-up  is  used  to  Increase  the  poten¬ 
tiometer  resolution.  Since  the  scanner  head  motion  Is  restricted  to  a  total 
of  109.26°,  the  potentiometer  does  not  make  a  complete  revolution  and  thus 
does  not  have  any  ambiguous  positions.  The  potentiometer  rotates  0.218  x 
82/26  =  0.69°  for  each  motor  step,  in  a  direction  opposite  to  that  of  the 
scanner  head  rotation.  Table  2  shows  the  pointing  angle  of  each  head  during 
the  middle  of  each  1-sec  data  subframe,  together  with  the  corresponding  poten¬ 
tiometer  readings.  The  angles  are  positive  when  the  sensors  point  outboard 
(away  from  each  other)  and  negative  inboard  from  the  nadir. 

In  normal  operation  the  end  points  of  scanner-head  travel  are  determined 
entirely  by  counting  control-system  pulses  to  the  step  motors.  Starting  from 
any  random  location,  the  control  system  initiates  a  synchronization  sequence, 
following  which  the  scanner  heads  move  first  500  steps  in  one  direction,  then 
500  steps  in  the  opposite  direction.  The  cycle  continues  in  a  totally  „per>- 
loop  fashion,  each  scanner  head  being  independently  slaved  to  the  control- 
system  inputs. 

In  case  a  disturbance  in  the  control  system  causes  either  scanner  head  to 
move  beyond  its  normal  turnaround  point,  a  maximum  error  of  1°  may  occur 
before  the  actuation  of  a  limit  switch  that  initiates  a  new  synchronization 
sequence.  Should  the  heads  be  forced  to  move  beyond  the  limit  switch  actua¬ 
tion  points  an  additional  degree  of  travel  will  bring  the  scanner  heads  to  a 
firm  mechanical  stop.  It  is  unlikely  this  would  occur  at  any  time  other  than 
during  the  launch  sequence,  at  which  time  the  scanner  heads  are  not  caged. 

F.  DATA-PROCESSING  SYSTEM 

The  digital  flight-data  system  for  the  SSB/A  provides  a  serial  data- 
output  channel  of  684  bits  per  second.  Data  from  this  channel  are  read  out 
under  synchronized  control  of  the  spacecraft,  which  provides  the  DPS  with 
signals  in  the  form  of  the  special-sensor-read  gate  and  bit-clock  pulses. 
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Table  2.  Scanner  Pointing  Directions 


Subframe 

Pointing 
Angle,  deg 

PC 

Potentiometer 

Reading 

CT 

Potentiometer 

Reading 

0 

-39.4 

3288 

376 

1 

-47.5 

3  592 

88 

2 

-38.8 

3320 

360 

3 

-27.9 

2936 

728 

4 

-16.9 

2  568 

1112 

5 

-6.0 

2200 

1496 

6 

+4.9 

1832 

1864 

7 

+  15.8 

1464 

2248 

8 

+26.8 

1096 

2616 

9 

+37.7 

728 

2984 

10 

+48.6 

360 

3352 

11 

+  56.8 

72 

3656 

12 

+48.0 

312 

3400 

13 

+37.0 

680 

3016 

14 

+26.1 

1048 

2648 

15 

+15.2 

1432 

2264 

16 

+4.3 

1800 

1896 

17 

-6.7 

2184 

1512 

18 

-17.6 

2  552 

1128 

19 

-28.5 

2920 

760 
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In  addition  to  the  above  readout-control  signals,  the  DPS  also  accepts 
from  the  spacecraft  the  power-enable  signals  and  the  serial  command  in  the 
form  of  an  8-blt  word.  Each  of  the  8  bits  in  the  serial  command  has  a  unique 
function  associated  with  it;  in  other  words,  the  8  bits  comprise  a  set  of 
eight  independent  switches,  each  of  which  controls  a  specific  sensor  state. 
Following  receipt  of  a  new  serial  command,  the  DPS  interprets  the  8  bit 
values,  sends  appropriate  control  signals  to  the  SSB/A  components,  and  sets 
the  values  of  the  command- status  bits  for  incorporation  into  the  digital  data 
stream.  At  the  same  time,  the  interpreted  bit  values  are  presented  to  the 
spacecraft  discrete,  experiment-status  telemetry  (DEST)  inputs  in  the  form  of 
voltage  levels  (0  V  =  "l";  5  V  *  "0").  Table  3  lists  all  the  command -status 
(CS)  bits  that  have  been  encoded  in  the  data  stream  and  identifies  the 
respective  functions  associated  with  these  bits.  Note  that  there  is  a  one- 
to-one  correspondence  between  the  serial-command  and  command-status  bits. 

In  addition  to  the  eight  command-status  levels,  the  DEST  list  includes 
the  CT-head  heater  on/off  status,  where  5  V  =  on  and  0  V  *  off.  The  space¬ 
craft  telemetry  also  includes  four  analog  experiment-status  telemetry  (AEST) 
channels,  namely  the  CTl  detector  temperature,  the  SSB/A  base-plate  tempera¬ 
ture,  and  the  temperatures  of  the  sensor  thermal  covers  (designated  as  XI  temp 
and  X2  temp) .  A  table  for  converting  AEST  voltages  to  temperature  is  given  in 
Appendix  A. 

As  mentioned  in  the  description  of  the  individual  sensor  components,  data 
from  the  various  detectors,  in  the  form  of  counts,  are  accumulated  in  the  DPS 
scalers.  There  are  52  of  these  scalers,  a  number  corresponding  to  the  total 
number  of  data  channels.  In  order  to  minimize  the  amount  of  hardware  needed 
to  provide  the  required  accuracy  of  data  processing,  counts  from  each  data 
channel  are  accumulated  in  a  12-bit  scaler  for  10  msec,  then  added  via  a 
serial  adder  to  the  appropriate  location  in  a  1024-bit  RAM  accumulator  during 
the  next  10-msec  scaler  counting  period.  After  92  scaler  readout  cycles,  the 
scalers  are  disabled,  approximately  10  msec  before  the  read-gate  pulse 
arrives.  Upon  receipt  of  the  read-gate  signal,  the  data  are  read  out  from  the 
RAM  via  a  data  compressor,  merged  with  digital  health-status  Information,  and 
presented  to  the  spacecraft  in  the  form  of  60  bits  containing  the  health- 
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Table  3.  Command  Status  Table 


Subsystem  Affected 

Bit  Value 

Status 

Scanner  drive 

0 

Pointing  to  nadir 

1 

scanning 

CT  motor  power 

0 

Off 

1 

On 

PC  motor  power 

0 

Off 

1 

On 

CT  detector  bias 

0 

Off 

1 

On 

PC  bias 

0 

Off 

1 

On 

PM  bias 

0 

Off 

1 

On 

GM  detectors 

0 

Off 

1 

On 

status  information  plus  52  12-bit  binary  floating-point  words  of  sensor  data, 
for  a  total  of  684  bits.  The  complete  process  described  above  occurs  once  per 
second  at  the  start  of  each  data  subframe  and  lasts  70  msec.  After  the  read¬ 
out  is  complete,  the  scalers  are  again  enabled.  A  complete  description  of  the 
digital  data  format,  with  a  description  of  the  binary  floating-point  compres¬ 
sion  algorithm,  is  provided  in  Section  4  of  this  report. 

In  terms  of  actual  hardware,  the  circuitry  consists  of  9  boards,  approxi¬ 
mately  14  x  13  cm  each,  containing  a  total  of  about  230  MSI-level  integrated 
circuits.  With  the  exception  of  nine  bipolar  components,  all  of  the  above  are 
radiation-hardened  CMOS  devices  capable  of  surviving  10^  rad  (Si).  The 
bipolar  devices  have  a  much  higher  radiation  tolerance. 

Several  features  representing  a  significant  advance  over  the  design  of 
previously  flown  systems  (e.g.,  the  GFE-6  sensor)  have  been  incorporated  in 
the  SSB/A  DPS  electronic  system  in  order  to  save  space  and  mass.  Some  of 
these  are  the  following : 

a.  New  partial-sum  scalers  (52  channels  of  12  bits/10  msec)  operated 
in  conjunction  with  a  RAM  accumulator. 

b.  Serial  adder. 

c.  1024-bit  RAM  accumulator  (1-sec  input  data  capacity). 

d.  Serial  floating-point  output-data  compressor. 

e.  100-kHz,  two-phase  clock-driven  random  logic  controller  (clock  PPL 
synchronously  derived  from  the  10-kHz  reference  clock  input  signal 
from  the  OLS). 
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IV.  DATA  FORMATS 


A  brief  description  of  the  data  processing  system  hardware  and  the  method 
used  to  Incorporate  the  various  SSB/A  data  channels  In  the  serial-bit  stream 
has  been  provided  in  Section  III.  This  section  contains  a  more  detailed 
description  of  the  bit-stream  format  and  the  various  data  channels  associated 
with  the  individual  sensor  components.  Augmented  by  the  background  informa¬ 
tion  provided  in  the  other  portions  of  this  report,  this  section  is  intended 
to  serve  as  the  primary  operational  reference  guide  for  processing  the  SSB/A 
information  contained  in  the  spacecraft  serial  data  stream. 

A.  DATA  ORGANIZATION 

The  various  SSB/A  data  channels  can  be  arranged  into  four  broad  cate¬ 
gories  or  groups,  according  to  their  origin  or  function.  Table  4  identifies 
the  four  groups  and  the  individual  channels  belonging  to  each  group.  In 
addition.  Table  4  shows  the  location  of  each  SSB/A  data  channel  within  the 
serial-bit  stream,  with  the  latter  subdivided  into  57  12-bit  words. 

The  basic  unit  of  the  SSB/A  data  is  the  1-sec  subframe,  which  consists  of 

a  block  of  684  bits  or  57  12-bit  words.  The  latter  are  numbered  according  to 

the  convention  that  bits  0  through  11  of  word  1  are  the  bits  transferred 

first,  in  that  order,  to  the  OLS  data  stream,  followed  by  bits  0  through  11  of 

word  2  and  so  on,  until  all  the  684  bits  in  the  data  block  are  read  by  the 
OLS. 

Most  of  the  SSB/A  data  are  read  out  once  every  second.  However,  some  of 
the  Group  1  diagnostic  data  channels  (see  Table  4)  are  multiplexed  for  lack  of 
sufficient  telemetry  space.  In  particular,  temperature,  pressure,  and  bias- 
monitor  data  are  read  out  via  a  20-sec,  7-bit  subcom  word.  The  subframe 
number,  ranging  in  value  from  0  through  19  and  corresponding  to  each  subcom 
measurement,  appears  in  the  5-bit  subframe-ID  word.  Table  5  is  a  list  of  the 
subframe  ID  values  and  the  corresponding  subcom  measurements.  The  tables 
necessary  to  convert  the  digital  subcom  word  values  to  engineering  units  are 
given  in  Appendixes  B  and  C. 
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Table  4.  SSB/A  DaCa-Channel  Organization 


Group  No. 

Channel 

Designation 

T/M  Word 

No. 

No.  of 
Bits 

1 

Diagnostic  data 

See  Table  6 

Dosimeter 

See  Table  5 

8 

Subframe  ID 

See  Table  5 

5 

Subcom 

See  Table  5 

8 

Noise  ID 

See  Table  5 

1 

Noise  monitor 

See  Table  5 

6 

Command  status 

See  Table  5 

8 

PC  POT  (PCP) 

4 

12 

CT  POT  (CTP) 

5 

12 

2 

Auxiliary  Data 

Oil 

39 

12 

GM2 

38 

12 

LA 

37 

12 

PM1 

52 

12 

PM2 

46 

12 

PM3 

40 

12 

3 

CdTe  (HEXS) 

CT1-U 

57 

12 

CT1-1 

56 

12 

CT1-2 

55 

12 

CT1-3 

54 

12 

CT1-4 

53 

12 

CT2-U 

51 

12 

CT2-1 

50 

12 

CT2-2 

49 

12 

CT2-3 

48 

12 

CT2-4 

47 

12 

CT3-U 

45 

12 

CT3-1 

44 

12 

CT3-2 

43 

12 

CT3-3 

42 

12 

CT3-4 

41 

12 

4 

Proportional  counter  (LEXS) 

PCS 

21 

12 

XI 

6 

12 

X2 

22 

12 

X3 

7 

12 

X4 

23 

12 

X5 

8 

12 

X6 

24 

12 

Table  4.  SSB/A  Data-Channel  Organization  (Continued) 


(  * 


!  ■  - 

Channel 

Group  No.  Designation 

T/M  Word 

No. 

No.  of 
Bits 

_ 3 

4  X7 

9 

12 

o 

X8 

25 

12 

12 

X9 

10 

m 

X10 

26 

12 

r- 

xn 

11 

12 

X12 

27 

12 

XI 3 

12 

12 

X14 

28 

12 

XI 5 

13 

12 

V— 

X16 

29 

12 

X17 

14 

12 

-  j1 

X18 

30 

12 

.*,*  * 

X19 

15 

12 

□ 

X20 

31 

12 

L 

X21 

16 

12 

,  ’ 

X22 

32 

12 

- 

X23 

17 

12 

O 

X24 

33 

12 

•s.\  . 

El 

18 

12 

!  > 

E2 

34 

12 

E3 

19 

12 

rf- 

E4 

35 

12 

'•  .  *-  t 

E5 

20 

12 

E6 

36 

12 

Table  5.  List  of  Subcom  Measurements 


Subframe  ID 

Measurement 

0 

CT-1  module-face  temperature 

1 

CT-2  detector  temperature 

2 

CT-3  detector  temperature 

3 

Not  used 

4 

Low-voltage  power  supply  temperature 

5 

Not  used 

6 

Not  used 

7 

PC  face  temperature 

8 

PC  high-voltage  supply  temperature 

9 

PC  electronics  temperature 

10 

+10— V  monitor 

11 

+5-V  monitor 

12 

-5-V  monitor 

13 

PC  high-voltage  monitor 

14 

PMT  high-voltage  monitor 

15 

HLARM  high-voltage  monitor 

16 

HLARM  pressure  monitor 

17 

CT-1  noise  monitor 

18 

CT-2  noise  monitor 

19 

CT-3  noise  monitor 

Noise  on  the  three  CT  HEXS  detectors  is  read  out  via  a  6-bit,  3-sec 
subcommutator.  The  noise  monitor  samples  detector  CT1  first,  CT2  next,  and 
CT3  last.  A  single  bit,  designated  as  the  noise  monitor  ID,  has  the  value  "1" 
when  the  noise-monitor  data  pertain  to  CT1 ,  and  "0“  otherwise. 

The  Group  1  or  diagnostic  data  all  occur  in  the  first  5  words  or  60  bits 
of  the  data  subframe.  Words  4  and  5  contain  pointing  information  for  the 
scanning  PC  and  CT  heads,  respectively.  They  are  labeled  PC  POT  and  CT  POT  in 
Table  4.  The  values  taken  on  by  the  pointing  indicators  and  the  corresponding 
angles  are  listed  in  Table  2.  All  of  the  other  diagnostic-data  channels  are 
contained  in  words  1  through  3,  in  a  rather  scrambled  form.  The  reasons  for 
this  scrambling  are  historical  in  nature  and  irrelevant  to  the  present  discus¬ 
sion.  Table  6  is  an  attempt  to  provide  a  means  of  unscrambling  the  diagnostic 
data. 

Of  the  Group  1  data  words,  the  subframe  ID,  subcom,  noise  ID,  noise 
monitor,  PD  POT,  and  CT  POT  have  been  discussed  above.  The  dosimeter  channel 
contains  data  concerning  the  interpreted,  total  x-ray  intensity  flux  measured 
by  the  LEXS  (PC).  The  discussion  of  the  use  and  measurement  of  these  data  is 
beyond  the  scope  of  this  report.  The  command -status  word  provides  information 
of  the  SSB/A  operational  configuration  achieved  by  sending  the  serial  8-bit 
stored  command.  Table  3  provides  the  information  needed  to  determine  this 
status  from  the  command  status  word. 

Data  contained  in  all  the  12-blt  words  of  Groups  2,  3,  and  4  represent 
counts  registered  by  the  various  photon  and  particle  detectors  described  in 
Section  3.  Thus,  the  Group  2  auxiliary  data  consist  of  counts  from  the  two 
geiger  counters  (Oil  and  GM2),  the  Lyman-alpha  Detector  (IA),  and  the  three 
veto  counters  in  the  HEXS.  The  Group  3  CT  (HEXS)  data  consist  of  counts  in 
the  single,  ungated  (e.g.,  CT1-U)  and  the  four  gated  (e.g.,  CT2-1,  CT2-2, 
CT2-3,  and  CT2-4)  channels  from  each  of  the  three  CT  detectors  comprising  the 
HEXS  (CT1,  CT2,  and  CT3) .  Similarly,  the  Group  4  proportional  counter  (LEXS) 
data  consist  of  counts  in  each  of  the  24  differential  x-ray  channels  (XI  - 
X24) ,  the  six  differential  particle  channels  of  the  LEXS,  and  the  total  counts 
channel  (PCS). 


Table  6.  Diagnostic  Data  (Group  1)  Organization 


B.  DATA  COMPRESSION  SCHEME 


In  the  case  of  the  SSB/A  data  represented  by  Data  Groups  2,  3,  and  4,  the 
12-bit  assignment  for  each  data  channel  is  insufficient  to  prevent  occasional 
overflow  in  the  counts  accumulated  during  l  sec.  Consequently,  a  special 
binary  floating-point  data-encoding  scheme  was  used.  By  use  of  this  scheme, 
counting  rates  of  approximately  4  x  10^  counts  per  sec  can  be  accommodated 
without  overflow  while  the  accuracy  in  the  data  can  be  retained  better  than 
that  associated  with  counting  statistics. 

From  an  operational  point  of  view,  the  quantity  of  most  interest  is  the 
actual  number  of  counts  accumulated  in  each  data  channel.  Hence,  rather  than 
dwelling  on  the  logic  used  to  implement  the  compression  scheme,  we  present 
below  an  algorithm  to  be  used  in  "decompressing''  the  data,  without  attempting 
to  derive  it. 

Before  presenting  the  equations  used  to  decode  the  compressed  data,  we 
define  several  quantities.  First  we  define  the  function  INT(X)  as  the  integer 
portion  of  the  real  number  X.  Thus  INT(X)  is  the  integer  obtained  by  ignoring 
all  digits  to  the  right  of  the  decimal  place  in  X.  Letting  IC  represent  the 
compressed  value  of  any  of  the  relevant  12-bit  words,  we  compute  the  quanti¬ 
ties 

IN  *  INT(IC/256) 

and 

M  *  IC  -  256IN 

We  further  define  the  quantity  6  according  to  the  prescription 
6=0  for  words  7  through  20  and  22  through  36 

and 
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6  *  1  for  all  others 


In  terms  of  the  above  quantities,  the  value  U  of  the  decoded  data  is  given  by 
one  of  the  following  two  expressions,  depending  on  the  value  of  IC: 

Case  1,  IC  <  512: 

U  -  (IC-  6)/0.92 

and 

Case  2,  IC  512  : 

U  =»  [(256  +  M  +  0.5)  x  2IN_l  -  0.5  -  5]/0.92 

The  factor  0.92  prominent  in  the  expressions  above  represents  a  correction  for 
dead  time  incurred  in  formatting,  compressing,  and  shifting  out  the  data 
within  the  data  processing  system.  Likewise,  the  quantity  <5  is  used  to 
correct  the  data  for  the  single  count  intentionally  added  to  certain  channels 
by  the  SSB/A  hardware. 
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APPENDIX  C.  CONVERSION  OF  INTERNAL  SUBCOM  VALUES  FROM 
DIGITAL  (OCTAL)  TO  VOLTS 
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1. 

2. 

3. 

H. 

S. 

E. 

7. 

00. 

0.02S 

0.070 

0.1  1  1 

0.1  S3 

0.1  9S 

0.23E 

0.27B 

0.319 

m 

0.HBS 

0.S27 

0.SE9 

0.GI0 

0.ES2 

02. 

0.G93 

0.73S 

0.77G 

0.BIB 

0.BG0 

0.901 

0.9H3 

0.9BH 

03. 
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I.EH9 

05. 

1 .59  1 
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I.9H0 

I.9B2 

0G. 
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2.0GS 
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2.1  MB 
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2.3  IH 

07. 

2.3SG 

2.397 

2.H39 

2.HB0 

2.S22 

2.SEH 

2.E0S 

2.EH7 

10. 

2.GBB 

2.730 

2.771 

2.B13 

2.BSS 

2.B9E 

2.93B 

2.979 

1  1. 

3.021 

3.0E2 

3.I0H 

3.IHS 

3.IB7 

3.229 

3.270 

3.312 
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3.39S 

3.H3G 

3.H78 

3.S20 

3.SBI 

3.E03 

3.EHH 

13. 
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3.727 

3.7E9 

3.BI0 

3.BS2 

3.B9H 

3.93S 

3.977 
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H.I0I 
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H.  IBS 

H.22E 
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H.35I 

H.392 

H.H3H 

H.H7S 

H.SI7 

H.SS9 

H.E00 

H.EH2 

IG. 

17. 

H.GB3 

H.72S 

H.7EG 

H.B00 

H.BS0 

H.B9I 
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LABORATORY  OPERATIONS 


Th#  Laboratory  Operations  of  Th*  Aeroapaca  Corporation  la  conducting  exper¬ 
imental  and  thaoratlcal  Investigation*  necessary  for  the  evaluation  and  applica¬ 
tion  of  scientific  advance*  to  new  military  apace  ayttem*.  Versatility  and 
flexibility  have  bean  developed  to  a  high  degree  by  the  laboratory  personnel  tn 
dealing  with  the  many  problems  encountered  In  the  nation's  rapidly  developing 
apace  systems-  Expertise  in  the  Latest  scientific  developments  Is  vital  to  the 
accomplishment  of  teaks  related  to  these  problems.  The  laboratories  that  con¬ 
tribute  to  this  research  are: 

Aerophyslcs  Laboratory:  Launch  vehicle  and  reentry  aerodynamics  and  heat 
transfer,  propulsion  chemistry  and  fluid  mechanics,  structural  mechanics,  flight 
dynamics;  hlgh-temperature  theraomechanlcs,  gas  kinetics  and  radiation;  research 
in  environmental  chemistry  and  contamination;  cw  and  pulsed  chemical  laser 
development  Including  chemical  kinetics,  spectroscopy,  optical  resonators  and 
beam  pointing,  atmospheric  propagation,  laser  effects  and  countermeasures. 

Chemistry  and  Physics  Laboratory?  Atmospheric  chemical  reactions,  atmo- 
apherlc  optics,  light  scattering,  state-specific  chemical  reactions  and  radia¬ 
tion  transport  In  rocket  plumes,  applied  laser  spectroscopy,  laser  chemistry, 
battery  electrochemistry,  space  vacuum  and  radiation  effects  on  materials,  lu¬ 
brication  and  surface  phenomena,  thermionic  emission,  photosensitive  materials 
and  detectors,  atomic  frequency  standards,  and  bloenvironmental  research  and 
monitoring. 

Electronics  Research  Laboratory:  Microelectronics,  CaAa  low-noise  and 
powet^  devices,  semiconductor  lasers,  electromagnet ic  and  optical  propagation 
phenomena,  quantum  electronics,  iaaer  communications,  Ildar,  and  electro-optica; 
communication  sciences,  applied  electronics,  semiconductor  crystal  and  device 
physics,  radiometric  Imaging;  mil lime ter-vave  and  microwave  technology. 

Information  Sciences  Research  Office;  Program  verification,  program  trans¬ 
lation  performance-sens  1 1 lve  system  design,  distributed  architecture*  for 
apaceborne  computers,  fault-tolerant  computer  systems,  artificial  Intelligence, 
and  microelectronics  applications. 

Materials  Sciences  Laboratory;  Development  of  new  materials:  metal  matrix 
composites,'  polymer*,  and  new  Forma  of  carbon;  component  failure  analysis  and 
reliability;  fracturt  mechanics  and  stress  corrosion;  evaluation  of  materials  in 
spsc*  environment,  mmterlmls  performance  In  space  transportation  systems;  anal¬ 
ysis  of  systems  vulnerability  and  survivability  tn  enemy- Induced  environments. 

Space  Sciences  Laboratory:  Atmospheric  and  ionospheric  physics,  radiation 
from  the  atmosphere,  density  and  composition  of  the  upper  atmosphere,  aurorae 
and  alrglow;  magnetoapherlc  physics,  cosmic  rays,  generation  and  propagation  of 
plasma  waves  In  the  magnetosphere;  solar  physics,  infrared  astronomy;  the 
affects  of  nuclaar  explosions,  magnetic  storms,  and  solar  activity  on  the 
earth's  atmosphere.  Ionosphere,  and  magnetosphere;  the  effects  of  optical, 
electromagnetic,  and  particulate  radiations  in  space  on  space  systems. 
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